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(54) Facsimile sc^an position caJibration apparatus and method 

(57) : Two methods of calibrating Fax machines are - - - - 

disclosed. The first method utilizes a pre-printed'calibra- 
tion chart and a computer connected to ^the Fax 
machine to be calibrated. The canbration chart is fed , . 
into the Fax machine, which serids the resultant data to 
the computer. This data is analyzed by the computer to 
determine when thei Fax machine started to scan the 
calibration chart. If the scan process did not ocair at an 
optimum point, the computer.sends a correction value ^ , 
back to the Fax machine to cause the Fax machine to 
begin scanning subsequent documents at an optimum 
point. In the second method, a calibration chant is 
printed by the Fax machine and then fed back into the ^ 
machine. A copy of the scanned calibration chart is' 
made to determine at what point the Fax machine 
began scanning the chart. If the Fax machine did not 
begin scanning at an optimum point, a user reads the 
copy and manually enters a con-ective offset in to th^ - 
Fax machine such that subs«iuent documents are 
scanned properly 



.-'- "FEED CALIBRATION ^CH ART ' 
INTO THE FAX MACHINE 



SCAN THE- CALISRATION CHART 



■•'OUTPUT "THE SCAN DATA 
TO THE COMPUTER 



DETECT BEGINNING OF THE 
CALIBRATION PATTERN 



FEEDBACK OFFSET CORRECTION 
DATA TO THE FAX MACHINE 



STORE OFFSET DATA 
IN THE FAX SRAM 



END 
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Description 

Reld of the Invehtibh 



The present - invention relates to facsiimile 
machines. In particular, the^present invention relates to ^ 
a calibration system.to enable the facsimile machine to. 
begin scanning a sheet of paper as closeito the Jeading 
edge as possible.' : ::c . ' v ^ /;u 
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Bacl(grouhd of the invehtion ^ 



Facsimile (Fax) machines tread" a* document -by 
scanning a, light^across dbcumerit^and detectingt the 
intensity of the reflectionsi' Feeding a;documehtunt6ra. 
Fax machine -to be: scanned for transmission requires ^ 
the use of two sensors. The first sensor determines if- 
the user- has placed a document into the document 
feeder. After tripping thefirst sensor, a second sensor is 
required to(find:the leading edge of that document' so 
that the scanner can be turned on at the appropriate- 
time. ^ . : . . 

If the scanner is turned on too early, before the 
edge of the document is", over the scanner," a black 
shadow will appear in the scanned data*due to the lights 
reflecting from the -edge of the document and^being=; 
diverted from the scanner. This shadow:is:objectiohable 
to the user. If the scanner is turned on too iate.^then^any 
writing near.the top of the document .will be lost having 
never been scanned. The goal then is to scan as close 
to the leading edge of the document as possible without 
scanning; the black shadow. ' ■■ v.^^ 

Traditional solutions to this problem have* incorpo- 
rated optical slot interrupter type sensors mounted on 
their own small printed circuit as5eimbly -(ReA).cThis : 
assembly Is then connected to a rrtain PCA with airing 
harness/connector assembly. The opticaii isensors have ^ 
mechanical "flags" which move as the paper travels' 
throughithe paper path of the Fax: When a flag-moviesr 
it causes the optical sehsbr:t6 change state signifying 
the paper is in a particular position in the-Fax machine. 

The leading edge sensor flag is positioned in the 
Fax machine such that when the leading edge of the* 
document causes the flag to move, the document- is in 
the proper^ position for the document sban to t^egin. 
While useable, this technique bf-detectinjg ' when 'the 
scan procesis should begin has many sfiortcomihgsii For- 
example, the separate assenibly is^costly bbth in^terms " 
of material costs and in the additional labor required'tb ' 
assembl3 the Fax machine. Also the mechanical toler- ' 
ance "stack-up" associated with the sensor assembly 
and its mounting does hot lend itself to a small begin- 
ning scan margin. The beginning scan margin is the dis- 
tance between the leadng edge of the' document and 
the line at which writing can-be seen by the scanner. 
Because of the stack-up problems. Fax machines typi- 
cally utilize a wide scan margin of about 4 millimeters 
(mm). Therefore any printing closer to the leading edge 
of the paper than 4 millimeters will not be scanned. 
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What is needed in the industry is a method of elim- 
inating the need for^a separate PGA for the paper sen- 
sors and for reducing the scan margin below 4mm so 
that more of the document page can be utilized. 

SUMMARY OF THE INVENTION 

In a first preferred embodimerit of the invention, a 
calibration sheet is fed into the Fax machine'. The Fax 
machine scans the calibration sheet and sends data 
representing the scanned information to a computer. 
The computer monitors the data to detect a particular 
pattern present 

on theLcalibratidn sheetv When this pattern- is detected, 
the computer compares^tKe position >6f the pattern as 
scanned by' the Fax tb'-S^ known position a^ sends a 
correction value to the: Fax machine. The Fax machine 
uses this correction value to determine at "what position 
a document must be at with respect to the scan appara- 
tus before the Fax machine' scans the document. Pref- 
erably, the correction value (offsiet) is stored in a SRAM 
used by the Fax machine to store telephone numbers 
and other permanent date. - 

By this method, a ^Fax machine is calibrated to 
begin scanning a document when the document is at an 
optimum' :positio'n. In addition, this calibration metiiod 
automa:ticially compensates for any tolerance stack-up 
which occurred during the mahufacturihg of the Fax 
machine. ' ■■ ' ^ ' - - , . 

In a second preferred en^Tbdimehtbfthe invention, 
a calibration shefet having a calibration- pattern Is fed 
into the Fax machine. The Fax^machine^scans the cali- 
bration sheet and sends data to an associated printer 
causing the printer to print ah image of the calibration 
sheet. A user reads information from the printed sheet 
to determine when the' Fax machine started scanning 
the calibration sheet. The* user then enters an offset 
value into the Fax machine'to cause the Fax-machine to 
begin scanning docurhents at an bptimal position in the 
Fax machine.' - - - ' *• - -- - 

- This' second means of calibration 's particularly 
suitable for field service use after a particular Fax 
machine has been repaired or adjustKi. By using this - 
method, a field service persdh can recalibrate a Fax 
machine quickly, and to substantially the same precision 
as done during manufacturing.-wrtKbut having to have^a • 
computer. ' ■ • cc;:-" : - : v; 

Both' embodiments allow for the "precise calibration 
of a Fax rhachine thereby allbvvihg the use of less' than • 
a 4mm lead edge margin. - '^.^ " 

Brief Description of the Drawings ' 

Rgure 1 is a side sectional view of a Fax machine 
according to the present invention. 

"Figure 2 illustrates a Fax machine connected to a 
computer. - * 

Figure s illustrates a pre-prihted calibration chart. 
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Figure 4 is a flow chart of thejirst preferred calibre- . 
tion method. / i: : ; . 

Figure 5 illustrates a calibration chart as prmted by 
a Fax machine. 

Figure 6 Illustrates a copy ofiihe calibration chart. ^. s 

Figure 7 illustrates a copy of the calibration chart. 

Figure 8 illustrates a copy of the calibration:.chart.' 

Figure 9 is a flow chart of th^ second preferred cal- 
ibration method. . o V •^-n;-' ij'V 

Detailed Description: of the Drawings- ; r : i.:;rr 



Figure -1 illustrates j.a- Fax machine-; ^Q^: tiaving a 
document edge fSensor IQg^rTpyr^edito.aj.-frorft pariel 
printed circuit tx>aixl .ass€rnbly^:(FS^^^ .105. - Th^ docu 
ment edge. ser^prvlOS has; -a. rotating fteg lOJ. A paper 
slot '109. is designed to- guide; ^;,she,et of paper 111 
through the Faj? machine. Jo scan a document inserted 
into the Fax maphjne, an light emitting diode assernbly 
113 is provided to project light, ontp a document where. it 
is reflected off the document, The reflected Irght 11^4 is 
directed by mirrors 11 5 - 1 1 9 to pass through an imag- 
ing lens 121 and project, an irriage onto a: charge cou- 
pled device (CCD) imager 123,. - ^ / . . « 

When a document 1 11 is fed into the Fax.machine,- 
the leading edge of the docurnent forces :th§ flag .1 07:to 
rotate upwards thereby, changing the .state of the^dpcu: 
ment edge sensor 103. Once the edge sensor changes 
state, tiie Fax machine advances the document a preset 
amount (offset) before th§=Fax machine begins the scan 
process. The scan^process causes the LED 1.13 to 
project light onto the surtace of Ihe document 111- This 
light js reflected back.dpwn into- the Fax rnachin^ and 
directed to a CCD imager 12a; The CCD imager 123 
converts the light into cligita!^data:iWhioh is sent.over:the 
phone lines or^^used to.prjnt a 9opy;of the docunTerit by 
sending the data to an asspcjated pRfrter (not shown).?,, 

Because; the , document edge. ^ sensop :.103 £ is. 
mounted to the front panel PCA. which \s m turn 
mounted to the Fax.rnachine through a . variet^^ inter- 
vening parte, the exact position ofrthe edge sensor rela?. 
tive to the scan iTiechanism is not knovyri r before, 
assembly, of the Fax machine Js comjaleted.t^^^ to the 
various tolerance stackrup^. til e edge sensor position is 
only , kriowri , to. be ywthin , ti^e ^extrerries. of the possible 
combinations of tolerances of the irxiividual pieces 
which comprise- the Fax; rrrachine, -Therefore .it is :not 
known in advance, how. W^^,j^^^ c!pcui?ient. -shpuld-be 
moved past where tiie ffag 107 first caused, the; edge 
sensor 103 to change state. 

As noted previously, iithe.scan process is started 
too early, a black line will appear in the resultartt scan 
data. If the scan process is started too late, ^spnie of the 
document 1 1 1 will not be scanned. So either the docu- 
ment must be moved forward .enough to allow for the 
worst case tolerance stad<-up, which will typically result 
in a wide scan margin as is the case in the prior art, or 
a calibration process must be used on each Fax 
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machine produced to find the optimum amount to move 
the document before the scan process; begins. t ^ . 

Rgure 2 illustrates a preferred calibration method 
according the present invention. A Fax machine 101 is 
connected, to a computer 201 .tiirough a bi<lirectional 
data patii 203: A calibration chart is fed into ttie Pax 
machine: 101 which scans the* chart and sends the 
resultant data to the conputer 201. The' computer 
detects the beginning of a calibration pattern and 
tiiereby determines at what position of the calibration 
chart the Fax machine started scanning, the scan 
start position.is notoptimum.-the computersends back 
to tiia F^TTiachiner.an.offset:value which isrstpred in an 
-internal iSRAM invthe.Fax machine;. Internal SRAM or. 
similar memory systems are routinely used in:the indus- 
try to store telephone numbers or iother data in^ Fax 
machines such that ihe contents of the memory are ret- 
am^ even if the Fax machine is unplugged from a. 
power source.,This offset value is.then: used by the Fax 
machinetto control where the scan process will begin for 
all subsequent documents. 

By using this method each Fax machine manufac- 
tured can be quickly and; accurately calibrated^ to pro- 
duce^ the:.best results. Also this metiiod ^automatically 
compensattes.foranyvvariations in parts used to produce 
tile Fax^achine allowing the machines to be produced 
easily and,quickly.v -/ . ^ ^. - ... - 

Rgure 3 illustrates- a* calibration chart 301. The 
chart has printed on it a calibration pattern 303 which in 
this case.is at black line.. The calibration pattern 303 is 
printed a preset distance 305 from the leading edge, of 
thecalibrationchart. i^;v.r J, • • . . - ,: 

Vyhen^this chart is Jed into the Fax .machine. being 
calibrated (Rg'2), the Fax machine. scans the chart 
sending:data-representing the color %vhiter until the cal-^ 
ibrationi patternrSOS is reached by -the scan process. 
Then data? r^resenting tiie color, "black" is.sent to tiie. 
computerrf20l.- The computer. .ascertains .how much 
whit^ dat^.ijs^sent before. tiie black data is.sent to deter- , 
mine at what point.on the calibration chart, 301 the Fax- 
machine stanted,scanning. A correction value (offset) is 
then sent.tQ.the Fax machine, if required, to calibrate the 
Fax niachiner \ ^ . r ; ^ 

ffigure 4. illustrates -tiie-steps followed to calibrate 
the Fj^rmachipeLtln step ly a. preprinted calibration: 
sheet js fg^l intQ;the:Fax machine. -Then in step 2 the cal- 
ibratiprii sheet Js . scannedi by ^e. Fax. machine * and the 
resu!tant;data is sent to.the associated computer In step * 
-3. The.cpmputer detects the beginning of the calibration 
pattern in step 4 arKi sends back to the Fax machine an 
offset correction value in step 5. PHnally in step 6. the off- 
set cprrection value is stored in permanent memory in 
the Fax, rnachine where it is us^ to,detQ:mine at what 
point the Fax machine will begin, scanning subsequent 
documents. ^ 

The method and apparatus illustrate in Figures 2- 
4 are well tailoraJ for the manufacturing environment 
where a large number of Fax machines must be c€ili- 
brated quickly and cost effectively In this environment 
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preprinted calibration charts are available on the pro- 
duction lines for edsy usie and aVailabilityf ^' 

In a second preferred embodimem-df the' present 
invention, a calibration chart is printed by a printer asso- 
ciated with the Fax machine to be calibrated. Figure 5 s 
illustrates: a printied calibration chart -501 .'^The chart is 
printed with a cut-of line 503 and a calibration patleVn 
505 where the calibration pattern consists of a number 
of vertically'staggered horizohtai nn^. Each of the hor- 
izontal lines are spaced a Idiowh vertical distance from io 
adjacent lines. The' c^^ pattern ts^ -also 'printed a 

known distahce'^below th^ elit^fif line^'SOS: ■ • ^ ' 

To use this chart 501 , the user cuts along the cut-off 
line 503 thereby moving the leading edge of the calibra- 
tion chart to where the cut-off line was' located. Thik is 
process ensures that the precise distance from tAe 
leading edge of the chart to the beginning of the calibra- 
tion pattern Is known'and not skewed by ahomaiies In 
the printer. The user then adjusts the Fax machine to 
begin scanning the chart at approxi mately the middle of so 
the calibration pattern: This is done by manually enter- 
ing an artificial offset value Into the Fax machine to 
cause the Fax machine to advance the paper well 
beyond where the chart leading edge causes tFve'docu- ' 
ment edge sensor 103 to change state. ss 

Then the calibration chart is fed into the Fax 
machine. The Fax machine Is tlWri^ caused to print a 
copy of the calibration, chart on aW associated printer 
Because the Fax machine hks *been-&fitjsted to'iscan 
late not all of the calibration-pattern will be printed on - so 
the copy. Instead, only the portion of the calibration pat- 
tern scanned will be printed bh the copy. " " ' ' ' 

Figure 6 Illustrates a copy 601 made by a correctly 
adjusted Fax machine. As illustrated, one half of the cal- 
ibration pattern Was printed with horlzbhtal liiW^S being 35 
the first ilne printed.' Since hd offset-is rie©3ed for this 
Fax machine, the ^^rtiflcial offset Is manuaLliy= replaced 
with a value indicating hb additional offset Is needed by 
this particular Fax machine. 

Figure 7 illustrates a copy 701 made by a Fax 40 
machine having too much inherent offset. In this case, 
horizontal line 7 (703) Is the first calibration line printed 
which indicates the Fax machine advanced the chart 
too far before the scan process began. To correctly 
adjust this Fax machine, the artificial offset value is 45 
manually replaced with a value indicating the Fax 
machine should not advance documents as far before 
the scan process is started (start scanning sooner after 
the document edge sensor 103 changes state). 

Rgure 8 Illustrates a copy 801 made by a Fax so 
machine having too little inherent offset. Here the hori- 
zontal line 9 (803) is the first calibration line printed 
which indicates the Fax machine did not advance the 
chart enough before the scan process began. This 
machine is correctly calibrated by replacing the artificial ss 
offset value with a value indicating the Fax machine 
should advance documents more before the scan proc- 
ess is started (start scanning later after the document 
edge sensor 103 changes state). 
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The calibration chart 501 Is designed such that the 
user can read off of the chart what the correction offset 
should be based on the amount of the calibration pat- 
tern printed on the copy. For the example Illustrated in 
Figure 6, the correct correction offset value may be "8". 
the number associated with the first horizontal line 
printed. This calibration method and apparatus is partic- 
ularly suited for field calibration of Fax machines. " 

Figure 9 Illustrates the steps fbllbwed to calibrate a 
Fax machm<i accordiiig to the second preferred erribod- 
Imeht of the preserit inVentidrl. In' step 1 a print calibra- 
tion chart is printed by a printer associated with the Fax 
machine.^ This printer can be either integral to the Fax 
macfiine' of auxiliary id the Fax machirie. The top of the 
printed calibratlon'chkrt 'Is cut-off in step 2 and the cut 
off chart is fed into the Fax riiachlne in step 3. Then in 
step 4 the Fax machine scaris the calibration chart after 
an artiflclaLoffset value has been entered into the Fax 
machine by the user. ' A copy of the Calibration chart in 
printed in step 5 by the Integral or auxiliary printer and 
the user reads the copy to determlhe at'what point Fax 
machine began to scan the calibration patteirn In step 6. 
The user then inputs a corrective offset value into the 
Fax machine so that subsequent documents are 
scanned at an optimal point. This offset value Is stored 
in the Fax machine in an iSRAM or other permanent 
memory. 

Of course instead bf printing a calibration chart with 
the Fax rhachine, a user could use a pre-pVinted calibra- 
tion chart. Hn that case, the user would skip the print 
step and would not have to cut the top off of the chart. 

Both bif the preferred emtyodiments allow for the 
quick and effective calibration of Fax machines in either 
the manufacturing or field ienvii-ohments. In addition, 
both hriethais airtomaticaljy'c^ manufac- 
turing variation^ which wbuid otherwise i-equire a large 
lead edge margin to be used. The calibration methods 
also allow for the document leading edge sensor to be 
mounted In a cost effective location even if that position 
Is subject to increased tolerance stack-up protDlems. 
' VVhile two preferred embodiments of the invention 
have"^ been described, other embodiments of the inven- 
tion will be apparent to tiio^e sWIIed iri the art from a 
consideration of this "speciiflcation or practice of the 
invention disclosed herein. Therefore It is intended that 
the specification and examples be considered as exem- 
plary only, with' thei'scbpe of the Invention' iikhg defined 
by the following claims. 

Claims ' V ' ■ ' *" " ■ 

1 . A method to calibrate a Fax machine' corlnprlsing 
the steps of: 

' 1. feedirig a cailbratioh chart into a Fax 
" machine to be calibrated; ' 

2. causing the Fax machine to scan the calibra- 
tion chart and thereby produce a stream of out- 
put data; 
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3. sending the stream. of output data tp. an. 
associated computer; ^ 

4. causing the associated cpmputer-to deter-r 
mine where on the calibratipn chantT^therFaX i 
machine began scanning by monitoring the 
stream of output data; ^ 

5. causing the associated computer to send a 
correction offset value to the Fax machine if the 
position where the .Fax, machine, began scan- , 
ning the calibrationxhart vyas not at!a prede^ 
mined positipn;.and , - . .. --i - . . * : > 

- 6. causing the Fiax piachMje to use the correc- > 
ton offset yalMe to adj ust wherQ pn a.docurnent . 
' the Fax machine beg^nsj^cannjng..^^ ^ S^, 

2. A methpd as in claim 1 further inpjucjing the step of: 

\. 1. causing the associated computer to "deter-^ 
mine where oh the calibration chart the Fax 
, machine began scanning, by detecting . the 
^ beginning of the data stream and subsequently- 
detecting data representing a calibration pat- 
tern contained on the calibration chart. . . . 



3. A method as jn claim 1 further including the step ot 25 

1 . causing the correction offset., vajue. to. be 
. stored in a memory, device within the. Fax 
machine. " ' . . . 
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4. A method as in claim 2 further Including the step of: 



1 . detecting data'.represehting a calibratiohpat- " , ' 
tern by detecting whep data in the stream pf^ , 
output data changes . ^^qiyi representing a/firs^ 
colpr,to representing a second color . \ . ...1 

5. A method as in.claim 3 further including the,steiD of: , ^ 

.1. .causing the correction offset -yalue to be 40 
stored in . a metmory jdevice which retains its. ^ . 
contents for an extended period .of, time whhouf . 

. the Fax rracbine^ being plugged into. a power . . ! 

\ source. ' . '/T*'' ' . / 



A method, to califerate 9 Fax mac#|ine,cornprising 
thestepsof: ' * " • . *^ ' 

1 . feeding an original calibration chant having.a- 
calibration pattern into a Fax machine to be cal- 
ibrated;. 

2. causing the Fax machine to print a copy of 
the original calibration chart: 

3. manually reading the copy of the calEbration 
chart and determining where on. the original 
calibration diart the Fax machine started scan- 
ning; and * 
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4. manually entering a porrection offset value 
...^ , into tlie Fax.fTachinetp adjust where on a doc- 
, um^nt the Fax nTachine,be0,ns;S^^^ 

7. A method as in claim 6 furthericomprising the-.$tep 

. : 1.,^ca.using- toe correction, offset ^yalue to be, 
, : i stored- in la iinempry retainS: its 

: ;^ consents :for ^n_e)^ended period, of tim^ withQM^ 
the Fax machine bang plugged. trrtp a^ 

r„>=source. -.-^iv ^ '-y^f^. 

8. A method as in .claim 6 further comprising the -step 

. -1 . determining where. on the original calit>ratipn 
, . chart the. Fax machine/ started scanning, by, 
. determining how much of the calibration pat-. . 
. tern was. printed on the, copy o^ the, calibration 

'>chart.. . , / . ^ - 

9. A niethod as in claim 6 .further comprising the step 

of: . - . - -| .. J ■•. . - - 

. feeding an original calibration chart having a 
; ^;rQalibratipn pattern consisting of a serjes of ver- 
- tically . spaced- horizontal; lines in the Fax 
r vrnachine. ; • , i . - ^ 

10. A nriethod as in c|airn.6 further compriSiing. the. step - 

•:. -.\:-;i"v^6termining the connection offset value, fc>y7 
^nanually, reading a number'associjat^.with a- 
■ . . Ilfi??, P^rti ql the; calibration > pattern: printed on 
. ; * the co'iqy of the calibration chart. - 
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STEP..1.. 



FEED -CALIBRATLOM.CHARI 
INTO THE FAX MACHINE 



STEP 2 



STEP 3 



STEP 



STEP 5 



SCAN THE CALIBRATION CHART 



OUTPUT THE SCAN DATA 
TO THE COMPUTER 



DETECT BEGINNING OF THE 
CALIBRATION PATTERN 



FEEDBACK OFFSET CORRECTION 
DATA TO THE FAX MACHINE 



STEP 6 ! 



STORE OFFSET DATA 
IN THE FAX SRAM 



END 



fig: 4 
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STEP 1 


PRINT CALIBRATION CHART 








STEP 2 


CUT OFF CHART TOP 








STEP 3 


FEED CALIBRATION CHART rv: .. 
INTO THE FAX MACHINE 








STEP 4 


, SCAN :;THE' "CALIBRATION CHART 








STEP 5. .. 


PRINT COPY OF THE 
/CAUBRATION CHART,.' 








;STEP^'6^' 


■ • READ ^WHERE SCAN STARTED -' ' . 
•FROM COPY ^ ■ 








;sTep-;?7- 


"INPUT SCAN OFFSET" CORRECTION'' 
AND iSTORE IN THE :,F^Ax. .SRAM-; - l, 
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